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Prof. W. Siemens on Telephony. 93 

As to the relative evidence for the two figures presented 
in this paper, the sum of the squares of the residual cor- 
rections to the astronomical observations is, of course, less 
in the ellipsoid than in the spheroid ; but the difference is cer- 
tainly small. The radius of curvature perpendicular to the 
meridian in India, in latitude 15 ° say, is, on the spheroid, 
20930972 feet, whereas on the ellipsoid it is 20932877; and 
this last is distinctly more in harmony with the Indian Lon- 
gitude Observations. 

Ordnance Survey Office, Southampton~ 
June 15, 1878. 

XlII .  on Tdephon:/. By W. SIEMENS *. 

T H E  surprising performances of the telephones of Bell and 
Edison rightly claim in a .high degree the interest of 

natural philosophers. The solution (facilitated by i t ) o f  the 
problem of the conveyance of tones and the sounds of speech 
to distant places promises to give mankind a new means of 
intercourse and culture which will essentially affect their social 
relations and also render substantial service to science ; and 
hence it seems fitting that the Academy should draw these 
exceedingly promising discoveries into the sphere of its contem- 
plations. 

The possibility of reproducing mechanically not merely 
tones, but also noises and spoken sounds, at great distances is 
given theoretically by Helmholtz's path-opening investiga- 
tions, which elucidated the essential nature of shades of tone 
and the sounds of speech. 

If, as he has demonstrated, noises and sounds are only distin- 
guished from pure tones by the fact that the latter consist of 
simple, the former of a plurality of series of undulations, super- 
posed to one another, of the sonorific medimn, and if the noises 
Of speech (S.prachger~usclte) may be conceived as irregular vi- 
brations with which the vocal sounds begin or end, then it is 
also possible to reproduce mechanically a certain succession of 
such vibrations at distant localities. Indeed practical life has 
in this, as is frequently the case, outrun science. The hitherto 
too little regarded so-called "speaking telegraph," consisting 
of two membranes stretched by a strong and at the same time 
extremely light thread or fine wire which is fastened to their 
centres, effects a perfectly distinct transmission of speech to a 
distance of several hundred metres. The threads or wires can 

* Translated flom the Monatsbericht der kSniglich preussischen .dka- 
demie der Wissenschaften zu Berlin, January 1878, pp. 38-53. 

Ph
ilo

so
ph

ic
al

 M
ag

az
in

e 
Se

ri
es

 5
 1

87
8.

6:
93

-1
05

.



94 Prof. W. Siemens on Telephony. 

be supported at any number of points by elastic threads of a 
few inches length, and als% with similar elastic fastenings at 
the angles, from any number of angles, without the apparatus 
losing the capability of conveying with perfect distinctness 
and correctness completely toneless whispered speech--a per- 
formance which previously no electa4_c telephone could accom- 
plish. Although this "speaking telegraph," or, more cor- 
rectly, "thread telephone," possesses no practical value (since 
its working is still limited to short distances and is interrupted 
by wind and rain), yet it is most deserving of notice, because 
it proves that stretched membranes are fitted to take up, 
almost completely, all the air-vibrations by which they are 
struck, and to reproduce in another place all speech-sounds 
and noises when mechanically put into similar vibrations. 

Reis, as is well known, was the first to endeavour to operate 
the conveyance of tones by electric currents instead of a 
stretched thread. He made use of the vibrations of a mem- 
brane exposed to sound-waves to produce closing contacts of 
a galvanic series. The current-waves hereby generated tra- 
versed, at the other end of the conduction, the coil of an 
electromagnet, which, provided with a ~uitable resonance- 
arrangement, again produced approximately the same tones 
by which the membranej struck by the sound-waves, had been 
set vibrating. This could only be done very imperfectly, 
since the contact-arrangements only became effective with the 
greater vibrations of the membrane, and could only imperfectly 
render even these. 

Bell appears first to have had the happy thought to let the 
vibrating membrane itself call forth the currents serving for 
the transmission of its vibrations--making it of soft iron, and 
placing its centre opposite, and. very near to the end of a steel 
magnet wound round with insulated wire. By the vibrations 
of the membrane the attraction between the plato and the 
magnet, and therewith the magnetic potential of the wire- 
enveloped end of the bar-magnet, were alternately augmented 
and diminished ; by this, in the wire of the coil and in the 
conduction, currents were produced which, with the minute- 
ness of the vibrations of the plate, generated electrical sine 
vibrations corresponding to the vibrations of the mass of air, 
which were thus in a condition to call forth again membrane- 
and air-vibrations in a similar apparatus at the other extremity 
of the conduction. The result was unaffected by the circum- 
stance that, as Du Bois-Reymond* has pointed out, in the 
receiving membrane the phases and ratios of amplitude of the 
partial tones are different from those in the emitting membrane. 

* Archivfitr Physiologie, 1877, pp. 573 t 582. 
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Prof. W. Siemens on Telephony. 95 

An essentially different path was struck out by Edison (as 
it appears, simultaneously with Bell). He uses a galvanic 
series, which sends a constant current through the conduction. 

At ~ sending end a layer of powdered graphite, which is 
gently pressed between two metal plates insulated one from 
the other, is inserted in the circuit. The upper plate is fas- 
tened to the vibrating membrane, and presses the graphite 
powcier more or less together in correspondence with the air- 
vibrations. By this the resistance of the graphite to conduc- 
tion is correspondingly varied, and thereby sinusoid varia- 
tions, equivalent to the alr-vibrations, are produced in the 
intensity of the currentpassing through the conducting line. 
As receiving-apparatus, Edison~uses no membrane, but another 
and quite peculiar contrivance. I t  is based on the experience 
that the friction between a piece of metal and a paper band 
saturated with a conducting fluid and pressed against the 
metal is diminished when a current passes through the paper 
to the metal. I have verified this remarkable phenomenon for 
the ease in which the direction of the current is such that 
hydrogen is separated at the metal plate, or when the metal is 
not oxidizable. Hence the lessening of the coefficient of fric- 
tion by the current evidently proceeds from electrolytically 
generated gases deposited on the plate of metal. Surprising, 
however, remains the almost instantaneous rapidity with which 
the effect takes places even with very feeble currents. 

Now Edison attaches the metal plate, pressed against the 
moist paper, to a sounding-board, and draws the moist paper~ 
which is carried over a roller, under the metal piece by con- 
tinual rotation of the roller. I f  now the metal piece and the 
roller (also of metal) be inserted in the galvanic circuit, the 
variations produced in the current by the greater or less pres- 
sure of the graphite powder effect equivalent variations of the 
friction-coefficient between the metal plate attached to the 
sounding-board and the paper, whereby the former is put into 
corresponding vibrations, which are communicated to the 
seunding-board, and through this to the air. 

Edison's telephone is very remarkable on account of the 
novelty of the expedients employed in it ; but it is obviously 
not yet complete for practical use; while Bell's telephone 
has, in its remarkably simple form, been widely spread in a 
short time, especially in Germany~ and already much mate- 
rial of experience has been accumulated for judging of its 
usefulness. Its principal defect consists in the feebleness of 
the reproduced sounds, which, in order to be distinctly under- 
stood, require the sound-aperture to be pressed to the earj 
and at the other end an immediate speaking into it. Per- 
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96 Prof. W. Siemens on Telephony. 

fect quiet is necessary around it~ in order that the ear may 
not be dulled and disturbed by extraneous noises. A stili 
graver obstacle to its practical employment consists in this-- 
that it needs complete electrical calm. As the currents are 
extraordinarily feeble which are generated by the vibrating 
iron membrane and put the membrane of the other instru- 
ment into similar vibrations~ therefore also very weak extra- 
neous currents are sui~icient to disturb the latter and bring to 
the ear confusing noises of other origin. 

In order to procure fixed points for judging the intensity 
of the currents which are effective in the te-lep-hone, I placed 
one of Bell's telephones, the magnet-pole of which was wound 
round with 800 turns of copper wire 0"1 millim, thick and 
possessing a resistance of 110 mercury units, in a circuit con- 
raining a Daniell's cell, with a commutator~ by which the di- 
rection of the current was reversed 200 times in a second. 

Without an inserted resistance, these current-waves pro- 
duced in the telephone an extremely inharmonious noise, 
audible at a long distance, and almost intolerable close to the 
ear. By the insertion of a resistance, this noise was dimi- 
nished~ but was still very loud after the insertion of 200,000 
units. I f  6 Daniells were inserted~ the noise was still di- 
sinctly audible through ten million units of resistance. I f  12 
Daniells and twenty million units of resistance were inserted, 
the sound was decidedly more distinct than in the last prece- 
ding case. In like manner an increase in its intensity took 
place when thirty and fifty millions of unifs were inserted 
with 18 and 30 Daniells respectively. This corroborates 
Beetz's observation that electromagnetism~ with equal cur- 
rent-intensity, is more quickly called forth in circuits of great 
resistance by correspondingly more intense electromotive 
forces, than in circuits with little resistance and proportion- 
ately less electromotive forces, because the countercurrents 
which arise in the windings of the electromagnet count for 
more in the latter case than in the former. 

I f  in the circuit of the commutator the primary spiral of a 
small voltaic induction-coil was inserted, such as is ordinarily 
employed by physicians, while the telephone and resistance- 
scale were in the circuit of the secondary wire, with one 
Daniell element a loud-sounding noise was still obtained when 
fifty million mercury units were inserted ; and this remained 
distinctly audible even when the secondary spiral was pushed 
back right to the end of the primary. 

This sensitiveness of Bell's telephone to feeble currents ren- 
ders it very useful as a galvanoscope, especially for the de- 
tection of feeble and rapidly changing currents, for which there 
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Prof. W. Siemens on Telephony. 97 

has hitherto been scarcely any other means of testing than 
the contractions of the leg of a frog. Also, in measuring re- 
sistances by the bridge method, the telephone may often be 
employed with advantage instead of the galvanometer in the 
branch wire of the bridge ; but then it will be necessary to 
employ as resistances only straight wires stretched at a greater 
distance from each other~ as otherwise perturbations would 
arise through induction. 

This perfectly explains the exh-eme sensitiveness of the 
telephone to electrical disturbances in the conductor, which, 
indeed, ahnost entirely excludes its application to lines above 
ground if the same posts support wires which are used for 
telegraphic correspondence. Even when two neighbouring 
conducting wires on the same posts are employed to form the 
conduction-circuit, in which case the electrodynamic as well 
as the electrostatic induction proceeding from the other more 
distant wires is in great part compensated, still every current 
that passes through these wires is heard in the telephone as a 
loud cracking noise rendering the speech of the telephone 
quite unintelligible if it is frequently repeated. 

Far worse still are these disturbances if the earth is used 
for closing the circuit. Even when special earth-plates are 
taken fbr the telephone-wire, or if gas-or  water-pipes ale 
made use of for the same purpose, every current is distinctly 
he,~rd which is brought to earth through earth-plates in the 
vicinity. Since, in the spreading of a current in the ground, 
tile electric potential diminishes with file cube of the distance 
from the point at which the current enters the earth, this also 
demonstrates the uncommon sensibility of the telephone to 
feeble currents. 

For these reasons, with overland conducting-wires tele- 
phones can only be employed if special posts are appropriated 
to the support of the wires. Further, the earth's conduction 
can only be used in places where there are no telegraph- 
stations, or where the earth-plates used for telegraphing are 
at a good distance from those which serve for the telephone- 
conductions. 

Iqotwithstanding this sensitiveness of Bell's telephone, it 
conveys but very imperfectly the sound-waves by which its 
membrane is struck to the corresponding membrane and the 
ear applied to it. When a loud-ticking watch was placed close 
to the sound-aperture of a very sensitive telephone constructed 
after Bell's plan, the ticking could not be heard in the other 
telephone, even when the watch actually touched the telephone- 
case. On the oth~r hand, the above-mentioned thread tele- 
phone transmitted the ticking through a thread about 20 

.Phil. M'ag. S. 5. Vol. 6. :No. 35. Aug. 1878. H 
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98 Prof. W. Siemens on Telepl~ony. 

metres long very dlstinctly ; it was still audible when the ear 
was withdrawn 8 centims, from the mouth of the hearing- 
tube. The ticking could be heard direct with about equal 
distinctness at the distance of 130 centims. ; consequently 
the thread telephone conveyed about ~61g of the intensity of 
the sound. Since the electric telephone transmitted the softest 
speech intelligibly, it must be on account of the rapid and ir- 
regular vibrations which form the toneless, even if louder, 
noise of the ticking, that it cannot transmit the latter. 

From a like cause a proper, perfectly toneless whisper 
cannot be understood through the electric telephone, while 
through the thread telephone it is distinctly intelligible to a 
distance of 20 metres. Just so electric telephones, which re- 
produce the softest speech distinctly, do not convey at all, or 
scarcely perceptibly, the loud but toneless clap of two pieces 
of iron or glass struck together. 

It  is remarkable that the electric telephone, in spite of this 
almost incapability of conveying the noises which consist of 
rapid and irregular vibrations, yet so Lruly renders the quality 
of musical tones and the sounds of speech that the voices of 
the speakers can be almost as well recognized through the 
telephone as direct from the speakers themselves. The voice, 
however, sounds somewhat fuller, which is to be ascribed to 
the circumstance that the tones are reproduced better and 
more powerfully than the noises of speech. Singing, too, 
sounds through the telephone, as a rule, softer and richer. 

In order to gain a fixed point for the solution of the ques- 
tion what fraction of the force of the sound which strikes the 
membrane of the one telephone is given again by the other, I 
instituted some experiments with musical boxes. The smaller 
one, which gave short sharp t0nes, could be heard by good 
ears at 125 metres distance upon an open plain~ while only 
isolated tones could be heard through the telephone when it 
was placed more than 0"2 of a metre from the musical box. 
In this instance, therefore, only about 9v~olot~v of the sound 
was actually conveyed. A somewhat larger musical box, of 
not so high a pitch, and giving tones of longer duration, 
could not be heard in the open air much further than the 
smaller one ; but the telephone at 1"2 metre distance caused 
the tune played to be recognized. This gives a conveyance of 
about voZvo~ of the sound-intensity received by the telephone 1 
:Now, although the sounds of speech , as well as deeper and 
more sustained tones, are probably conveyed better than the 
melody of the musical boxes, it cannot be assumed that a 
Bell telephone conveys, on the average, more than TVoLo~ of 
the mass of sound by which it is struck, to the other telephone. 
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Prof. W. Siemens on Teleplwny. 99 

It follows from the above that Bell's telephone, notwith- 
standing its surprising performances, effects the conveyance 
of sound only in a very imperfect manner. That we can 
understand the speech of the telephone excited by currents so 
extraordinarily feeble, we owe to the extreme sensibility and 
great range of our organ of hearing,, which enable it to bear. 
the sound of a cannon at 5 metres distance, and yet to hear it 
at a distance of 50 kilometres, consequently to have the sen- 
sation of sound from air-vibrations within a range of from 1 
to 100,000,000-fold intensity. 

Accordingly the telephone needs, and is in a high degree 
capable of, improvement. Although it is not possible entirely 
to do away with loss of sound (which would be approximately 
accomplished if it could be effected that the vibrations of the 
second membrane should possess the same amplitude as those 
of the first), since in the repeated transformations of motions 
and forces there must always be a loss of vis viva by conver- 
sion into heat, yet the present disproportion is much too great. 
But by diminishing this loss, and thereby strengthening the 
arriving sound, we should secure that the hearing would need 
less exertion, and could distinctly perceive and distinguish the 
transmitted sounds at a greater distance from the instrument. 
Then also the perturbations produced by extraneous feeble 
electric currents would be felt less disturbing, because they 
would be covered by the more powerful arriving speech- 
sounds. 

Hereby is also given the direction which must be taken for 
the improvement of Bell's telephone. In order to produce 
more intense currents, the membrane destined to receive the 
sound-waves must be sufficiently large and of such a consti- 
tution that the sound-waves striking its surface can impart to 
it a maximum of their vis viva ; while the membrane must be 
sufficiently movable for its vibrations not to be too small ; and 
the work expended for the production of the electric currents 
must be so much that the vis viva accmnulated in the vibra- 
tions of the membrane will be consumed by it---or, in other 
words, so much as to make the membrane-vibrations aperiodic. 
An enlargement of Bell's iron sheet would be advantageous 
only within narrow limits, since larger and correspondingly 
thicker plates are apt to assume vibrations of their own, which 
diminish the distinctness of the transmitted sounds. It  is also 
requisite that the magnetic attraction of the iron plate in Bell's 
telephone be not raised too high, as otherwise the plate is too 
much curved and stretched in one direction, which likewise 
detracts from the clearness. 

I have tried, with considerable success, to strengthen the 
H 2  
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100 Pro£ W. Siemens on Telet)lwny. 

attraction between the iron membrane and the wire-coiled 
magnet-pole without bringing the former out of its position of 
equilibrium, by bringing it between the poles of a powerful 
horse-shoe magnet. 

The pole which was above the iron plate had the shape of 
a ring, the opening of which formed the sound-hole, while the 
lower pole of the horse-shoe supported the iron pin with a wire 
coil opposite to the centre of the sound-aperture. The mem- 
brane itself consisted of iron only in the middle, as far as it 
was opposite to the rlng-shaped pole, while the other portion 
was made of sheet-brass, to which the iron was soldered. 
Through the action of the magnetic iron ring the middle of 
the iron plate became itself strongly magnetic ; consequently 
there was a very much strengthene~l attraction between it an'c[ 
the magnetic iron pin placed opposite to it, while the iron 
plate, attracted with equal force on both sides, remained, with 
the whole membrane, in the position of equilibrium, and could 
therefore vibrate freely towards both sides. 

Another modification consisted in making both poles of tile 
magnet ring-shaped, and providing them with short notched 
iron tubes wrapped round with spirals. There were now 
exactly opposite to the iron plate two ring-shaped magnet- 
poles of the same kind, while itself possessed the opposite 
polarity. This is the combination I often employ with good 
results in so-called polarized relays, in which the movable, 
powerfully magnetized iron tongue is situated between two 
oppositely magnetic poles of a magnet, at equal distance from 
each, of which the ends are provided wi~h coils. 

This arrangement has also been approved for telephonic 
call-signal apparatus. If  a point in the rim of a steel bell, 
attached to one pole of a horse-shoe magnet, is between two 
iron pins furnished with coils, which form the other pole of 
the horse-shoe, a second bell, of the same pitch and with the 
same arrangement, repeats with surprising force the sound of 
every stroke made upon the other, if the coils of both are in- 
cluded in a conduction-circuit. The effect is the same with 
tuning-forks in unison. 

Instead of two bells or tuning-forks, it is sufficient to insert 
only one in the telephone-circuit, if the question is only the 
conveyance of the sound of the bell as an alarm-signal. Tele- 
phones then give loud-sounding strokes of a bell. 

I f  in this way the capabilities of the telephone can be con- 
siderably heightened, yet, in retaining Bell's iron membrane, 
we are restricted within rather narrow limits, both as regards 
the size of the membrane for receiving the sound and the 
strength of the effective magnetism, an excess of which ren- 
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Prof. W. Siemens on Telel~/~o,y. 101 

ders the speech-sounds indistinct and accompanies them with 
a strange, unpleasant clang. 

Henc% for the construction of larger telephones delivering 
much more powerful currentd~ I do not use any vibrating plate 
of iron, but I fix to the membrane that receh'es the sound- 
waves (which is made of non-magnetic material) a light cell 
of wire which waves freely in a ring-shaped strongly magnetic 
field. By the vibrations of the coil, intense currents alterna- 
ting in direction are induced in it~ which at the other extre- 
mity of the conduction set in similar vibrations either the coil 
of a similar instrument or the iron membrane of a Bell tele- 
phone. 

As the breadth of a flat membrane cannot exceed rather 
narrow limits without confusing the speech-sounds trans- 
mitted, by the advice of Prof. Helmholtz I have given to the 
membrane the form of the tympanmn of the ear. This form 
is obtained, according to Helmholtz~ when a moist skin of 
parchment or a bladder is stretched over the rim of a ring~ and 
then its centre gradually depressed to the desired depth by a 
screw or otherwise. The membrane will then retain this form 
after drying. I f  now a model be made after this form in 
metal, ~;ith its aid a membrane of sheet-brass, or, better, alu- 
minium can be pressed so as to have the same form as the 
former. Membranes of this shape are especially suitable for 
the reception of sound-waves and for the transference of their 
vis viva to masses that are to be set vibrating (a purpose which 
they have to fulfil in the ear also), since their flexion results 
chiefly near the margin of the membrane--while in fiat mem- 
branes it takes place more in the vicinity of the centr% and 
hence with these only those sound-waves which strike the 
middle of the plate come into full action. Such a telephone 
with a parchment membrane 20 centims, in diameter, a wire 
coil of 25 millims, diameter~ 10 millims, height~ and 5 millims. 
thickness~ in a m~gnetic field of great intensity generated by 
a powerful electromagnet~ transmits with perfect distinctness 
to a great number of smaller telephones every sound produced 
in any part of a room of moderate size ; and the purity and 
clearness with which it transmits the sounds of speech and 
musical no[es are remarkable--which may arise partly from 
the appropriate form of the membrane, and partly from the 
coil, on moving in the cylindrical magnetic field, generating 
more regular sinusoid currents than a vibrating iron plate. 
An apparatus in which such a wire coil is moved rapidly up 
and down by means of a winch with a long connecting-rod 
could be used with advantage for the generation of sine-cur- 
rents of great intensity. 
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102 Prof. W. Siemens on Teleplwmj. 

For giving back the sounds of speech the tympanic form 
of membrane is not so well suited. It  also appears generally 
more to the purpose to employ larger and more powerful in- 
struments for giving, and smaller instruments of more delicate 
and lighter construction for receiving, at the same time bring- 
ing the instrument into the most suitable position for the ear. 

Too powerful receiving-apparatus have the drawback, that 
the eountereurrents produced by the vibrations of their mem- 
brane weaken the moving currents and displace the trains of 
sinusoid waves of the induced currents, by which the speech 
is made indistinct and assmnes strange shades of sound. 

It is scarcely to be assumed generally that telephones on 
Bell's principle (in which the sound-waves themselves have to 
perform the work of exciting the currents required for their 
conveyance) will be successfully produced so as to utter speech 
distinctly intelligible at a greater distance from the telephone; 
and, as we have already insisted, it is quite impossible of at- 
tainment that they should reproduce not weakened the mass 
of sound by which their membrane is struck, or even re- 
inforced. This possibility, however, is not excluded when a 
galvanic battery is used for putting in motion the membrane 
of the receiving-apparatus, which then accomplishes the work 
to be expended. Reis endeavoured to effect this by means of 
contacts, Edison with the aid of powdered graphite inserted 
in the conduction-circuit of the battery. 

Contacts will hardly operate with sufficient constancy and 
certainty for the sounds of speech to be given back with purity. 
But it is possible that the solution of the problem lies in the 
course taken by Edison ; it therein only depends on the dis- 
eovery of a material or an arrangement by means of which 
changes in the resistance of the circuit may be produced con- 
siderable in amount and proportional to the amplitude of the 
vibrations of the menlbrane. The form and quality of gra- 
phite powder are too variable to accomplish this with certainty. 
Experiments which I have commenced with other arrange- 
ments have not at present given any satisfactory result. 
Nevertheless Edison's procedure remains well worthy of con- 
sideration, as it possibly forms the key to a future important 
development of telephony. 

If, however, telephonic instruments are susceptible of filr- 
tiler extensive improvement, the conducting-lines will always 
confine the circle of their application within rather narrow 
limits. Even if, as we have already shown to be indispen- 
sable, special posts be appropriated to telephone-lines, carrying 
no telegraph-wires, and double lines be everywhere employed 

- for the telephones~ yet even the telephonic messages on several 
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Prof. W. Siemens on Telephony. 103 

lines attached to the same posts would soon, with increasing 
length of the lines, be disturbed one by another, not only 
through imperfect insulation permitting side currents to pass 
over to neighbouring wires~ but also through the production 
of secondary currents in them by eleetrodynamic and electro- 
static induction, generating confusing sounds. In telegraph- 
lines electrodynamic induction can, as a rule, be entirely 
neglected, because it does not increase with the length of the 
line, if the resistance of the wire coils be left out of considera- 
tion, and because the duration of the electrodynamically in- 
duced currents is too short to affect the telegraphic instru- 
ments ; but in telephonic apparatus the brief currents generated 
by voltaic induction produce very audible sounds if the con- 
ducting-lines run side by side for only a short distance. 

Further, secondary electrostatic induction~ increasing as the 
squares of the length of the conducting-line, will soon, as the 
overland lines become longer, put a limit to the employment 
of the telephone, even when the telephone-wires only are fixed 
to the same posts. 

The circumstances are much more favourable in this respect 
for the telephone when underground or submarine lines are 
employed. Before I had ascertained that the intensity of the 
currents which yet are capable of exciting the telephone to 
the production of clearly intelligible speech-sounds is so ex- 
tremely slight, I doubted the practicability of employing sub- 
terranean wires for great distances, on account of the great 
weakening which the current-waves called forth by rapidly 
alternating electromotive forces in the conducting-wires 
would undergo with the length of the conduction. The expe- 
riments, however, which Postmaster-General Dr. Stephan (to 
whom the German Empire owes the reintroduction of the 
underground wires that had for a quarter of a century almost 
fallen into oblivion) caused to be made with Bell telephones, 
gave the surprising result that with them people can speak 
with perfect distinctness and quite intelligibly at distances of 
about sixty kilometres. Hence it is very probable that, with 
telephones of more powerful action, adequate intelligibility 
will be attained at twice or even three times that distance. 
This, at all events, may be the extreme distance at which tele- 
phonic correspondence is generally practicable. 

Unfortunately, even in underground conducting wires dis- 
turbances by return currents from the earth, as well as by 
electrodynamic and electrostatic induction, are not excluded. 
The former could be pretty completely got rid of, as in lines abovo 
ground, by the employment of entirely metallic conduction- 
circuits~ with the exclusion of the earth as return conductor. 
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104 Prof. W, Siemens on Teleplwnv. 
The same holds good in the case of disturbances produced by 
induction, if the two insulated conductors forming a telephone- 
circuit are united into a separate cable encased with iron wires. 
If~ on the contrary, as is usually done for the sake of saving 
expense, a greater number of insulated conductors are com- 
bined in one cabl% voltaic as well as static induction makes 
its appearance in augmented measure on account of the 
slightness of the distance between them, and act very dis- 
turbingly on the telephonic correspondence. This secondary 
electrostatic induction occurs perturbingly even in long cables 
for telegraphic correspondence, with which very scnsitive ap- 
paratus must be employed. Hence I have proposed, for 
avoiding it, to provide the individual conductors which are 
combined ia a cable containing several wires with a conduc- 
ting metallic sheath in conducting connexion with the outer 
iron spinning or with the earth. Even encasing the insulated 
individual conductors with a thin layer of tin foil gets rid of 
secondary electrostatic induction completely. Any one can 
easily convince himself of this by experiment if he places one 
upon the other two mica or thin gutta-percha plates, each 
lined on both sides with tin foil. I f  the inner linings be in- 
sulated and the charge between the outer ones be tested by 
the deflection of a galvanometer by connecting the free pole 
of a battery led away to earth with one of the outside sheets 
of tin tbil, while the second is connected through the galva- 
nometer-wire with the eal~h, or in a similar manner by aid of 
tLe commutator, as great a charge is obtained as if the sheets 
in the middle were absent. But if the latter are connected 
with the earth, no trace is obtained of a secondary charge in 
the tin foil connected with the galvanometer. 

We get the same negative result when the individual insu- 
lated conductors of a cable consisting of several such have 
been tightly wrapped round with tin foil or strips of thin plate 
of any metal. The metallic conductive casing, though very 
thin~ completely prevents any secondary electrostatic induc- 
tion or charge of one conductor by the charge of another. 
On the other hand, however, the electrodynamio induction 
exerted by the wires upon one another is not thereby removed~ 
as Foucault asserted*. 

This can easily be convincingly shown by a simple experi- 
ment. I f  two wires, insulated with gutta percha or caout- 
chouc, be wound together upon a roller, powerful charge as well 

Foucault, on the 2nd of dulv, 1869, took out a patent in England for 
encasing the individual conductors with tin foil or other conducting, sub- 
stances, with the expressed purpose of compensating electrodynamm in- 
duction by the couatercurrents arising in the tin casing. 
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as voltaic-induction currents are to be observed in one of the 
wires when a galvanic series is alternately closed and opened 
by the other. If  the roller be now placed in a vessel, and this 
be little by little filled with water, the charge-currents in the 
former wire diminish, and cease altogether when the water 
quite fills up the intervals between the wires, whereas the elec- 
trodynamically induced currents become even more intense. 

For telegraph-conductions these electrodynamically induced 
currents are, as we have already remarked, of no consequence, 
since they do not increase with the length of the conduction ; 
but the telephone, being so extremely sensitive, is still excited 
by them if the inducing currents are not extraordinarily feeble. 
It will therefore be necessary to lay down special cables fbr 
te!ephones, just as special posts are needed for them when the 
wires are carried above ground. 

As follows from the above, the telephone is still capable of 
essential improvement; in a short time telephones will as- 
suredly be constructed which will convey both speech and 
m'usical tones beyond comparison more loudly, more distinctly, 
and with greater purity to moderate distances than they have 
been hitherto by the Bell telephone. The telephone will then 
render service to intercourse in cities and between nelghbour- 
ing towns which will far surpass what the telegraph can per- 
tbrm for short distances. The telephone is an electrical 
speaking-tube which, just like an ordinary speaking-tube, can 
be managed by every one, and can be a perfect substitute for 
personal conversation ; but as at very short distances it will 
never supplant the speaking-tube, just as little will it be able 
to take the place of the telegraph for greater distances. Yet 
in the limited circle of its practicability it will soon be nmn- 
bered amon~the most important pillars of modern civilization, 
if external nindrances do not prevent its development and 
application. 

XIV. On Salt Solutions a~d Attaclted lVater. 
B• FREDERICK GUTHRIE. 

[Continued from p. 44.] 
On the Separation of Water frora Crystalline Solids, inCurrents 

of D~ T Air. 
§ 184. T H E  high water-worth of many of the cryohydrates 

(§ 88), and the want of evidence of simple arithme- 
tical relationship between the atomic numbers of the water and 
salt of ahnost all these bodies, invited me to reexamine a few of 
the most definite and stable crystalline salts containing water. 
And this invitation was the more pressing because, in the 
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